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Executive Summary

The 1324-N Surface Impoundment (1324-N) and the 1324-NA Percolation Pond (1324-NA), located

in the 1 00-N Area of the Hanford Site, are regulated units under the Resource Conservation and Recovery
Act (RCRA). Surface and underground features of these units have been removed, and laboratory

analyses showed that the soil met closure performance standards, The sites have been backfilled and

revegetated.

The U. S. Department of Energy. (DOE) asked Pacific Northwest National Laboratory (PNNL) to

prepare this plan as part of the Groundwater Performance Assessment Project (groundwater project).

This documnt will replace the previous RCRA monitoring plans (Hartman 2002 and RCRA monitoring
portion of Borghese et al. 1996) for the 1324-N and 1324-NA units after it is incorpor ted into the

Hanford Facility RCRA Permit.

This document describes RCRA post-closure monitoring for the period following surface closure

until a final groundwater record of decision is issued for the 100-NR-2 Operable Unit of which 1324-N

and 1324-NA groundwater is a part. After final groundwater remedial action decisions are made for the

100-NR-2 Operable Unit, this plan may need revision to reflect those decisions.

The monitoring network comprises the following tea wells, which will be bampled
seNlannuWy:

Near-Field Wells Plume-Tracking Wells
199-N-59
199-N-71 (upradient)
199-N-72
199-N-73
199-Ni-77 (deeper well)

199-N-2
199-N-3
199-N-16
199-N-19
199-N-21

Near-Field Wells
199-N-59
199-N-71 (upgradient)
199-N-72
199-N-73
199-N-77 (deeper well)

Near-Field Wells
199-N-59
199-N-71 (uradient)
199-N-72
199-N4-73
199-N-77 (deeper well)

i99 N 59
199 N 71 @upgradicnt)

199-N-26
199-N-34
199-N-56
199-N-57
199-N-64
199-N-67
Plume-TrackinI Wells
199-N1-2 199-N-26
199-N-3 199-N-34
199-N-16 199-N-56
199-N-19 199-N-57
199-N-21 199-N-64

199,N-67
Plume-Tracking Wells
199-N-2 199-N-26
199-N-3 199MN-34

199-N-16 199 N-56
199-N-19 199-N-57
199-N-21 199-N-64

199 N-67
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199NI72
199 N73
199 N7(deeper wcl)

fl ~ ~ ~ A t I- w pl qt A i.. t,. l.-, Afe led1t. fe the Al-;e fi-. +t f oth1-~ .er- 4 - '4 , im e

The downcradcientnrea-il w ellr

samoled semiannually and the other wells are samnled annually for the following narameters:

Constituents of Interest Supporting Constituents
Sulfate Water Level
Sodium pH

Specific conductance
Temperature
Turbidity
Alkalinity
Anions
Metals (filtered)

RCRA groundwater monitoring for the 1324-N and 1324-NA units is part of the groundwater project.
Project staff schedule sampling and initiate paperwork. The project uses subcontractors for sample

collection, shipping, and analysis. The groundwater project's quality control program is designed to

assess and enhance the reliability and validity of groundwater data. This is accomplished through

evaluating the results of quality control samples, conducting audits, and validating groundwater data.

-See~ien' 10 th ough 5.0 of this document are intended to be in

References are intended to be deleted pfior to incorporation in the Pemt.
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1.0 Introduction

The 1324-N Surface Impoundment and 1324-NA Percolation Pond Treatment, Storage, and Disposal

(TSD) units are Resource Conservation and Recovery Act (RCRA) regulated units in 100-N Area of the

Hanford Site. This document describes RCRA post-closure groundwater monitoring, onducted as part of

Hanford's groundwater project. This monitoring plan will be implemented upon apprbval of a

modification to the Hanford Facility RCRA Permit that incorporates portions of this plan.

S e e ion: 1. 0 thirough 5. 0 o f thi s doEc umoent Arce int ende to _ boe inoorepoaratoed into the&HanfcreFaclt
_RCKX- Permt Other portions of the document arc noat intended for incorporafien intd the Pennt.
_Refcgrcnoes arc ilitonded to be deleted prior to incorporation-in thePei.

The 1324-N and 1324-NA units (Figure 1.1) were used to treat and dispose of effl uent from a water

demineralization plant and related units. The 1324-NA Percolation Pond (also known as the 120-N-1
waste site) was an unlined pond used to neutralize and dispose of corrosive waste fromf 1977 to 1986 and

to dispose of pre-neutralized waste from 1986 through 1991. The adjacent 1324-N Surface Impoundment

(also kmown as the 120-N-2 waste site) was used to neutralize waste from 1986 to 1988. It was a double-

lined pond with a leachate collection system. No leaks were detected throughout its period of use.

Soil samples were collected from the site in 1992 and 1993 from the surface to asideep as 23 meters.

The samples were analyzed for heavy metals, organics, cyanide, pH, and anions. Org nic constituents

were not detected, and concentrations of other constituents were within background ranges (DOE 2002).

As required by the closure plan, surface facilities (sampling shed, liner) and underground features

(leachate collection system, delivery pipeline) have been removed. Samples were collected from soil

remaining at this site. Results indicate the remedial action objectives have been met (BHI 2002). The

sites have been backfilled and revegetated. A Certification of Closure by a professional engineer has

been completed for these units.(a)

The units are combined into a single waste management area for groundwater monitoring because

they are adjacent to one another and the same type of waste was treated or stored in both. The 1324-NA
Percolation Pond has contaminated groundwater with sulfate. Post-closure groundwat er monitoring is
required due to this contamination.

The closure plan for the 1324-N and 1324-NA units states, "During the post-closure period,
monitoring of groundwater will continue under a corrective action program in accord nce with WAC

173-303-645(11). A groundwater monitoring plan will be developed for 1324-N and 1324-NA and

implemented prior to incorporation of this post-closure plan into the Permit. ... Because the groundwater

monitoring data continues to show exceedances of sulfate concentrations above the secondary drinking

water standard (250 mg/L), corrective action to remove or treat the sulfate will be req Iired. Corrective

actions will be determined in a ROD for the 100-NR-2 OU" (Appendix B of DOE 2002).

(a) Letter from J. Hebdon, U.S. Department of Energy Richland Operations Office (DOE-RL) to M. Wilson,
Washington State Department of Ecology, "Certification of Closure for the 1324-N Surface Impoundment and

1324-NA Percolation Pond," dated February 7, 2003.

1.1
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The final decision for cleanup of the sulfate plume will be made as part of the 1 00 NR-2 groundwater

operable unit, which includes groundwater beneath the entire 100-N Area. Until that decision is made,

the objectives of RCRA post-closure monitoring are (a) to track trends in sulfate compared to the drinking

water standard, and (b) to define the extent of the sulfate plume. Thus, no statistical evaluations are

necessary.

This monitoring plan will be modified, as necessary, to reflect the final record of decision for the 100-

NR-2 Operable Unit.

N-92A

-09N-50 3

a N-1A AN-106A
S76

-- --- 4N-

- N-70 -31+42

- --~> -N-1 N-8S 142

N 21- .- 5

- -- -5 *N-62v-2SN-29 *N52

- -% *N-2

12N- PrAtin .47

Pod-n210N-

-K-130 r -

-7t

K2 K2

1RersPonds A Extraction Wel
Buildings, Aquifer Sampling Tube Group o no - 400 6.o
VMste Sites Well Prefies 199- and 699- Omitted -

Wll Monitored 1996 - 2003 c Riverbank Spring 0 600 1200 ISO ft

Injection Well

can gwfCO #1 Janary 00, 2004 100 AM

Figure 1.1. Groundwater Monitoring Wells in 100-N Area

1.2



PNNL-14354, Rev. 2
DRAFT

1.1 Waste Characteristics

The effluent discharged to the 1324-N and 1324-NA units originated at the 163-N Demineralizer

Plant and the 183-N Filtered Water Plant. Neither effluent stream contained listed constituents (WAC
173-303-090). However, effluent from the demineralizer plant was classified as corrosive dangerous

waste (see current Part A permit application for the TSD units). Table 1.1 contains selected results of

chemical analyses of effluent streams while the units were in use.

Table 1.1. Selected Results of Waste Analysis of 163-N Demineralization Plant Effluent,
August 1987, and 183-N Filtered Water Plant Backwash Effluent, August 1985 (from
Appendix B of DOE 2002)

Parameter (minimum 163-N Demineralization Plant 183-N Filtered Water Plant
detection limit, units) (corrosive waste)() (non-dangerous effluent)(b)

Calcium (0.05 mg/L) 318.3/ND 17.4
Chloride (0.5 mg/L) 1.9/2.4 2.81
pH (standard units) 0.917/13.74 7.46
Potassium (0.1 mg/L) 14.2/26.7 0.792
Nitrate (0.5 mg/L) 0.8/1.1 0.596
Sodium (0.1 mg/L) 12.8/27,150 2.23
Sulfate (0.5 mg/L) 3,201/30.7 19.7

Specific Conductance (iS/cm) 37,367/64,000 153
(a) Average for cation regeneration cycle/Average for anion regeneration cycle.
(b) Average.
ND = not detected

The dangerous waste treated and disposed of at these units was produced by the regeneration of ion
exchange columns in the 163-N Demineralizer Plant. The waste consisted of acid and caustic
regeneration fluids and process and cooling water flushes. The pH of the demineralized water plant waste
varied from less than 1.0 to as high as 14 standard units. These discharges qualified as corrosive
dangerous waste defined in WAC 173-303-090(6)(a)(i). The regeneration solutions would have
contained a variety of metal constituents as a result of concentration on the ion exchange media. These
metals were not detected at levels that would regulate them as characteristic waste (WAC 173-303-090).

1.2 Post-Closure Monitoring Approach

Post-closure monitoring at the 1324-N and 1324-NA units has been developed to meet the standards
for a corrective-action monitoring program under WAC 173-303-645(11). The interim remedial action
record of decision for the 100-NR-1 and 100-NR-2 Operable Units (ROD 1999) explains that, "It is the
intent of the Tri-Parties to select the same remedy for sites requiring RCRA corrective action as selected
for those sites requiring Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) interim remedial actions." Until a final decision on remedial action of the sulfate plume is
made for the 100-NR-2 Operable Unit, the plume will attenuate due to spreading, movement, and
chemical interaction with sediment. RCRA groundwater monitoring during this initial period of post-
closure monitoring will focus on defining sulfate concentration trends and plume extent, and comparing
concentrations to the 250-mg/L secondary drinking water standard. This objective complements operable
unit monitoring, which includes an objective to "...further define the extent and nature of contaminant

1.3
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plumes for the other contaminants of concern, [including] sulfate. ... This... objective will provide
information that can be used to help determine a final groundwater remedial action...." (ROD 1999).

1.3 Summary of Previous RCRA Groundwater Monitoring

RCRA groundwater monitoring at the 1324-N and 1324-NA site began in December 1987. After the
first year of background monitoring, the critical mean value for specific conductance was exceeded in all
downgradient wells then in use (199-N-58 through 199-N-61). The site was monitored under an interim
status assessment program from 1989 until 1992. The assessment report (Hartman 1992) concluded that
the elevated specific conductance was due to sulfate and sodium. From 1993 until 1995, the site was
monitored under another interim status assessment program for elevatel total organic halides. The
associated assessment report (Hartman 1995) concluded that elevated total organic halides originated
from nondangerous discharges to a nearby facility, and interim status indicator-evaluation monitoring
resumed. Total organic halide levels subsequently declined to background, but specific conductance in
downgradient wells continues to exceed the critical mean value.

When 1324-N and 1324-NA were incorporated into the Hanford Facility RCRA Permit in 1999,
monitoring continued under the existing interim-status plan (Borghese et al. 1996 with details in Hartman
1996 and subsequently in Hartman 2002). Interim-status indicator evaluation monitoring continued
before and during the closure period.

Groundwater monitoring shows the continued presence of elivdted sulfate and sodium, with
correspondingly high specific conductance. The sulfate plume extends toward the Columbia River
(Figure 1.2). Only well 199-N-59 exceeded the secondary drinking water standard for sulfate (250 mg/L)
in fiscal years 2001 or 2002. The maximum sulfate concentration in this well during fiscal year 2002 was
384 mg/L. Well 199-N-59 could not be sampled in fiscal years 2003 or 2004 because it was dry. Sulfate
concentrations have been below the primary drinking water standard (500 mg/L) in all wells since 1991.

While the 1324-NA Percolation Pond was in use, sulfate concentrations in adjacent wells reached
peaks of 1,500 to greater than 2,000 mg/L. Well 199-N-59 is the only original monitoring well that did
not go dry in 1990. Sulfate concentrations in this well declined sharply after discharges ceased in 1990
(Figure 1.3) and occasionally were below the drinking water standard between 1991 and 1995. After
1995, sulfate levels gradually rose and stabilized at -300 mg/L in well 199-N-59.

Sulfate trends in wells 199-N-72 and 199-N-73, installed in 1991, were relatively low during the first
two to three years of monitoring, then sharply increased, peaking around 1995 (Figure 1.4). Levels have
declined steadily since then. Sulfate concentrations currently are lower in these wells than in well 199-N-
59. These differences may reflect vertical or horizontal heterogeneities in the sulfate plume.

Nitrate is elevated in groundwater beneath several portions of 100-N Area, including the 1324-N and
1324-NA site (Figure 1.5). The source is not believed to be the 1324-N or 1324-NA units because
analysis of waste while the units were in use showed only low concentrations of nitrate (see Table 1.1).
Nitrate concentrations also were low in groundwater samples collected before 1991 while the 1324-NA
Percolation Pond was in use (Figure 1.6).
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Figure 1.2. Average Sulfate Concentrations in 100-N Area
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Figure 1.4. Sulfate Trends in Wells 199-N-59, 199-N-72, and 199-N-73, Monitoring 1324-N and
1324-NA Units
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2.0 Conceptual Model

A groundwater conceptual model is an evoMng hypothesis that identifies the important features,
events, and processes that control groundwater and contaminant movement. This model is based on
results of previous geological and hydrogeological studies, sediment sampling, and groundwater
monitoring. Primary references are Hartman and Lindsey (1993), Gilmore et al. (1992), DOE (2002), and
groundwater monitoring annual reports (e.g., Hartman et al. 2003). The model provides a basis for
designing a groundwater monitoring project.

The conceptual model for the 1324-N and 1324-NA units includes the following elements:

" The uppermost aquifer is unconfined, -12-15 meters thick, and is contained in a sand and gravel unit
in the Ringold Formation. Gilmore et al. (1992) estimated a representative range of transmissivity
for the 100-N Area to be 93 to 560 n2/d.

* The base of the uppermost aquifer is a fine-grained unit of interbedded silt and clay. The existence
of deeper confined aquifers in the Ringold sediment and in the basalt-confined aquifer system is
inferred on the basis of geologic interpretation and limited borehole data from the surrounding area,
but there is little potential for downward migration of 100-N Area contaminants.

o Because the site has been backfilled and revegetated, most of the precipitation is removed by
evapotranspiration. Thus, little infiltration will occur through the site.

" The 1324-N Surface Impoundment did not leak and, therefore, did not contaminate the vadose zone
or groundwater.

" The 1324-NA Percolation Pond introduced ha c contaminants, primaly sulfate and
sodium; through the vadose zone to groundwater. The pH of the effluent ranged from 1 to 14,
causing it to be classified as hazardous, but mixing in the pond and neutralization in the sediment
prevented the high-pH or low-pH water from reaching groundwater.

" While the percolation pond was active, artificial recharge formed a groundwater mound that created
radial flow. Chemical impacts from the pond discharge migrated an unknown distance inland. After
use of the pond ceased, groundwater flow returned to a northwest or north direction.

o Sulfate and sodium move readily with groundwater toward the north and northwest to the Columbia
River. There appears to be continuing drainage of water from the vadose zone, since concentrations
remain high many years after disposal ceased. These constituents cause the groundwater to have a
high specific conductance.

" Sodium exchanges for calcium in vadose and aquifer sediments, which causes sodium concentrations
in groundwater to decline while calcium concentrations increase as the water moves downgradient.

2.1
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3.0 Groundwater Monitoring Program

This section describes the post-closure RCRA monitoring program for the 1324-N and 1324-NA
units. The objective of monitoring is to track plume extent and contaminant trends until final cleanup
decisions are made. The choices of wells, analyses, and sampling frequency included in this plan wereare
based on data quality objectives as described in Guidancefor the Data Quality Objectives Process,
EPA/600/R-96/055 (QA/G-4), 2000 as revised.

3.1 Monitoring Well Network

The post-closure monitoring network (Table 3.1) includes:

" Four near-field well s adjacent to 1324-N and 1324-:NA (199-N-59, 199-N-72, 199-N-73, and
199-N-77) to track concenuration trends in the area of highest contamination.

* One upgradient well to provide information on groundwater quality not affected by 1324-N or
1324-NA.

" Eleven wells farther downgradient of the facilities to define the sulfate plume at levels below the
secondary drinking water standard.

Data fromR addition3al w~l s that A FF sampled for the objectives of ether RCRX units, 100 NR 2

All of the wells except 199-N-77 monitor the top of the unconfined aquifer. Well 199-N-77 monitors
the bottom of the unconfined aquifer, with the screen placed above a fine-grained unit in the Ringold
Formation. As-built diagrams of the wells are included in the Appendix. but are not o:sdeqid an
clement to be ineorpomted into the Hanford Faeility RCGRX Pefmit.

If a monitoring well becomes unsuitable for use, Washington State Department of Ecology (Ecology)
will be notified in writing. The monitoring program will be re-evaluated to determine if a new or existing
well should be substituted. If a new well must be installed, it will be incorporated into the M-24 priority
list.

3.2 Constituent List and Sampling Frequency

Sulfate and sodium are the primary constituents of interest for 1324-N and 1324-NA RCRA
groundwater monitoring. Additional constituents will continue to be monitored for supporting
information (see Table 3.1).

The downgradient, near-field wells will be sampled semiannually to provide a clear record of
chemistry trends. The upgradient wellOther wells will be sampled annually (see Table 3.1)-

3.2
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Table 3.1 Wells for Post-Closure Monitoring at the 1324-N and 1324-NA Units.
Constituents

Primary Supporting
Constituents Interpretation Field Parameters

0 E~

Well Purpose: Comments <
199-N-2 Far-field plume definition PRE A A A A A A A A. A A
199-N-3 Far-field plume definition PRE A A A A A A A A A A
199-N-16 Far-field plume definition PRE A A A A A A A A A A
199-N-19d) Far-field plume definition PRE A A A A A A A A A A
199-N-2l t ) Far-field plume definition PRE A A A A A A A A A A
199-N-26d ]Far-field plume definition PRE A A A A A A A A A A
199-N3± Far-field plume definition PRE A A A A A A A A A A
199-N-36 Far-field plume definition WAC A A A A A A A A A A
199-N-57 Far-field plume definition WAG A A A A A
199-N-59 Near-field plume; sometimes WAG SA SA SA SA SA SA SA SA SA SA

drvC): highest sulfate
concentTations

199-N-64 Far-field plume definition WAG A A A A A: A A A A A
199-N-67 Far-field plume definition WAC A A A A A A A A A A
199-N-71 Upgradient WAG A A A A A A A> A A A
199-N-72 Near-field plume WAC SA SA SA SA SA SA SA. S SA SA
199-N-73 Near-field plume WAC SA SA SA 'SA SA SA SA SA SA SA
199-N-77 Near-field plume; bottom of WAG SA SA SA SA SA SA SA SA SA SA

aquifer
(a) PRE = Well not constructed to Washington Admin istrative Code (WAG 173-160) standards.

WAC = Well cotistructed to Washington Administrative Code (WAC 173-160) standards.
(b) Anions analysis includes at a minimum chloride nitrate, and sulfate.
(c) Metals analysis includes at a minimum calcium, magnesium, potassium, and sodium. Analyses will be run on filtered

samoles nendine Ecolno' nnivdcso nfleehnfsrdmmI
(d) Candidates for decommissioning. If any of these wells are decommissioned. Ecology will be notified and the monitoring

program will be reevaluated to determine if new well(s) are needed.
(e) Well 199-N-59 was drilled when the 1324-NA pond had artificially raised the water table. When the water table is low, it

does not contain enouch water to samole.

3.3 Water Level Monitoring

S~------i-fl--'-- I'

Sbafpi -F mfeasure depth towater Hi cacn well 4ceere camping, are orig to a eueo atv
pr-eeedur-e-Field personnel measure depth to water before sampling. O at other times as s ecified by the
groundwater project (e.g., annual water-level measurements). The tapes used to make depth
measurements are pe-iediealy-periodieally calibrated. Field personnel obtain two consecutive
measurements that auree within 6 mm (0.02 feet) and record them along with date, time. measuring tape
number, and other pertinent information. The-dDepth to water is subtracted from the elevation. of a
reference point (usually top of casing) to obtain water-level elevation. Water-level elevations are used to
construct water-table maps of 100-N Area.
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Groundwater flow direction beneath the 1324-N and 1324-NA units is inferred from the water-table
map(s) and plume maps. Rate of flow is estimated from hydraulic gradient, hydraulic donductivity, and
porosity or from rates of contaminant movement.

3.4 Sampling and Analysis Protocol

RCRA groundwatei-monitoring for the 1324-N and 1324-NA units is part of Hanford's groundwater
project and follows the-projecte quality assurance protocolsplan. Groundwater monitoring for these units
will follow the requirements of the most recent revision of the project quality assurance prejeet
planvrotocols; this monitoring plan need not be revised to cite future revisions of the quality azzuranee.

plenthose protocols.

Project staff schedule sampling and initiate paperwork a.The- e s e er nd oversee
fe-sample collection, shipping, and analysis. Quality requirements for the-ansubeenaaete4 work
subcontracted are specified in statements of work or contracts.

The statement of work for sampling activities specifies that those activities will be conducted shal-be
in accordance with a quality assurance project plan that meets the requirements defined in Requirements
for Quality Assurance Project Plans, EPA/240/B-01/003 (EPA QA/R-5), March 2001 as revised.
Additional requirements are specified in the statement of work.

Groundwater project staff conduct laboratory audits apd field surveillances to assess the quality of
subcontracted work and initiate corrective action if needdd.

3.4.1 Scheduling Groundwater Sampling

The groundwater project schedules well sampling. Many Hanford Site wells are sampled for multiple
objectives and requirements; e.g., RCRA, CERCLA, and AEA. Scheduling activities help manage the
overlap, eliminating redundant sampling and meeting the needs of each sampling objective. Scheduling
activities include the following:

* Each fiscal year, project scientists provide well lists, constituent lists, and sampling frequency. Each
month, project scientists review the sampling schedule for the following month. Changes are
requested via change request forms and approved by the sampling and analysis task lead and
monitoring project manager.

o Project staff track sampling and analysis through an electronic schedule database stored on a server
at PNNL. Quality control samples also are managed through this database. A scheduling program
generates unique sample numbers, and a special user interface generates sample authorization forms,
field services reports, groundwater sample reports, chain-of-custody forms, and sample container
labels.

* Sampling and analysis staff verify that sueh-things-as-well name, sample numbers, bottle sizes, and
preservatives. etc. are indicated properly on the paperwork, which is transmitted to the sam$pThg
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s teentetefsample collector. Staff cemplte a ohe:ldist to :docuntat erify that the paperwork
was generated correctly.

* At each month's end, project staff use the schedule database to determine if any wells were not

sampled as scheduled. If the wells or sampling pumps require maintenance, it-sampling is
rescheduled following repair. If a well can no longer be sampled it is cancelled, and the reason is
recorded in the daiabase. DOE will notify Ecology if sampling is delayed past the end of the
scheduled quarter or if a well cannot be sampled (see Sections 3.1 and 5.4). Should repairs require
an extended effort (more than 60 days), Ecology will be consulted and a repair schedule approved.

3.4.2 Chain of Custody

The sampling subconttor sample collector uses chain-of-custody forms to document the integrity
of groundwater samples from the time of collection through data reporting. The forms are generated
during scheduling (see Section 3.4.1) and manage_ th;ugh a subont:m:ter pr o dur:by the sample
collector. Samplers enter required information on the forms, including the following:

* Sampler's name(s)
* Method of shipment and destination
* Collection date and time

* Sample identification numbers

o Analysis methods

o Preservation methods.

When samples are transferred from one custodian to another (e.g., from sampler to shipper or shipper
to analytical laboratorv). the receiving custodian inspects the form and samples and notes any
deficiencies. Each transfer of custody is documented by the printed names and signatures of the
custodian relinquishing the samples and the custodian receiving the samples, and the time and date of
transfer.

3.4.3 Sample Collection

All of the wells in the 1324-N/NA network are equipped with dedicated sampling pumps. Field
personnel measure water levels in each well prior to sampling (see Section 3.3), then purge stagnant water
from the well. Groundwater samples arc colicoted aording to subcontractor'sprocoduros. Samplcs
generally are collected after three casing volunies of water have been purged from the well or after field
parameters (pH, temperature, specific conductance, and turbidity) have stabilized:..,e&a twe
consaoutivo monasuro monts arc within 0.2 units jel, 0.20 G for tompcerature, 10% for spocific eonductanoc,
and turbidity 5 nephelemetro tfbidit', units (NTUAJ).

For routine groundwater samples, preservatives are added to the collection bottles, if necessary,
before their use in the field. Samples for metals analyses will-be-arefiltered in the field with
0.45micrometer, in-line, disposable filters. After sampling, pH. temperature and specific conductance are
measured again. Sample bottles are sealed with evidence tape and placed in a cooler with ice for
shipping.
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The samplers record the date, time, personnel, field measurements, and other pertinent information
and complete the chain of custody form as described in Section 3A.2.

3.4.4 Analytical Protocols

Instruments for irrocedures for field mepasu ircmcnts A2f specified in subcontractor's proczedurcs. -ield
measurements (e.g., pH. specific conductance, temperature, and turbidity) are calibrated using standard
solutions prior to us and ae operated:ae:rding to manufaetu~r's instetions and are operated

according to manufacturer's instructions. Each instrument is assigned a unique number that is tracked on
field documentation and calibrated and controlled according to prcede Additional calibration and'use

Laboratory analytical methods are specified in contracts with the laboratories, and are standard
methods from Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods (EP AISW-846 as
amended) or Methods for Chemical Analysis of Water and Wastes (EPA-600/4-79-020, 1983).
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4.0 Quality Assurance

The groundwater project's quality assurance plaR-rotocols meet& EPA Requirementsfor Quality
Assurance Project Plans, EPA/240/B-01/003 (EPA QA/R-5), March 2001 as revised. A quality control
plan-urotocol is included in the groundwater project quality assuaiiee plaadocumentation, and quality
control sampling requirements for subcontracted work are discussed in the statement of work with the
subcontractor.

The groundwater project's quality control program is designed to assess and enhance the reliability
and validity of groundwater data. This is accomplished through evaluating the results of quality control
samples, conducting audits, and validating groundwater data. This section describes the quality control
program for the entire groundwater project, which includes 1324-N and 1324-NA units. The quality
control practices of the groundwater project are based on EPAguidancef:m the EPA as descibcdcited
in the Tri-Party Agreement Action Plan, Section 6.5 (Ecology, et al., 1998). Accuracy, precision, and
detection are the primary parameters used to assess data quality (Mitchell et al. 1985). Data for these
parameters are obtained from two categories of quality control samples: those that provide checks on field
and laboratory activities (field quality control) and those that monitor laboratory performance (laboratory
quality control). Table 4.1 summarizes the types of samples in each category and the sample frequencies
and characteristics evaluated.

Table 4.1. Quality Control Samples
i

Sample Type Primary Characteristics Evaluated Frequency
Field Quality Control
Full Trip Blank Contamination from containers or transportation 1 per 20 well trips
Field Transfer Blank(a Airborne contamination from the sampling site 1 each day volatile organic

compound samples are collected
Equipment Blankb Contamination from nondedicated sampling 1 per 10 well trips or as needed)

equipment
Duplicate Samples Reproducibility 1 per 20 well trips
Laboratory Quality Control
Method Blank Laboratory contamination 1 per batch
Lab Duplicates Laboratory reproducibility Method/contract specific(d)
Matrix Spike Matrix effects and laboratory accuracy Method/contract specific(d)
Matrix Spike Duplicate Laboratory reproducibility and accuracy Method/contract specific(d)
Surrogates Recovery/yield Method/contract specific(d)
Laboratory Control Sample Accuracy 1 per batch
Double Blind Standards Accuracy and precision Varies by constituent@
(a) Not applicable for 1324-N and 1324-NA - no volatile constituents analyzed.
(b) Not applicable for 1324-N and 1324-NA - dedicated sampling equipment used.
(c) When a new type of non-dedicated sampling equipment is used, an equipment blank should be collected

every time sampling occurs until it can be shown that less frequent collection of equipment blanks is adequate
to monitor the equipment's decontamination procedure.

(d) If called for by the analytical method, duplicates, matrix spikes, and matrix spike duplicates are typically
analyzed at a frequency of 1 per 20 samples. Surrogates are routinely included in every sample for most gas
chromatographic methods.

(e) Double blind standards containing known concentrations of selected analytes are typically submitted in
triplicate or quadruplicate on a quarterly, semi-annual, or annual basis.
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4.1 Quality Control Criteria

Quality control data are evaluated based on pstablished acceptance criteria for each quality control
sample type. For field and method blanks, the acceptance limit is generally two times the instrument
detection limit (metals), or method detection limit (other chemical parameters). However, for comion
laboratory contaminants such as acetone, methylene chloride, 2-butanone, and phthalate esters, the limit is
five times the method detection limit. Groundwater samples that are associated (i.e., collected on the
same date and analyzed by the same method) with out-of-limit field blanks are flagged with a "Q" in the
database to indicate a potential contamination problem.

Field duplicates must agree within 20%, as measured by the relative percent difference (RPD), to be
acceptable. Only those field duplicates with at least one result greater than five times the appropriate
detection limit are evaluated. Unacceptable field duplicate results are also flagged with a "Q" in the
database.

The acceptance criteria for laboratory duplicates, matrix spikes, matrix spike duplicates, surrogates,
and laboratory control samples are generally derived from historical data at the laboratories in accordance
with Test Methodsfor Evaluating Solid Wastes, Physical/Chemical Methods (EPA/SW-846 as amended).
Typical acceptance limits are within 25% of the expected values, although the limits may vary
considerably with the method and analyte. Current values for laboratory duplicates, matrix spikes, and
laboratory control samples are 20% RPD, 60%-140%, and 70%-130%, respectively. These values are
subject to change if the contract is modified or replaced.

Table 4.2 lists the acceptable recdvery limits for the double blind standards. These samples are
prepared by spiking background well water (currently wells 699-19-88 and 699-49-1OOC) with known
concentrations of constituents of interest. Spiking concentrations range from the detection limit to the
upper limit of concentration determined in groundwater on the Hanford Site. Double blind standard
results that are outside the acceptance limits are investigated, and appropriate actions are taken if
necessary.

Holding time is the elapsed time period between sample collection and analysis. Exceeding
recommended holding times could result in changes in constituent concentrations due to volatilization,
decomposition, or other chemical alterations. Recommended holding times depend on the analytical
method, as specified in Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods
(EPA/SW-846 as amended) or Methods for Chemical Analysis of Water and Wastes (EPA-600/4-79-020,
1983). These hHolding times are specified in laboratory contracts. Data associated with exceeded holding
times are flagged with an "H" in the Hanford Environmental Information System (HEIS) database.

Additional quality control measures include laboratory audits and participation in nationally based
performance evaluation studies. The contract laboratories participate in national studies such as the EPA-
sanctioned Water Pollution and Water Supply Perfoi-mance Evaluation studies. The groundwater project
periodically audits the analytical laboratories to identify and solve quality problems, or to prevent such
problems. Audit results are used to improve performance. Summaries of audit results and performance
evaluation studies are presented in the annual groundwater monitoring report.
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Table 4.2. Recovery Limits for Double Blind Standards

Constituent Frequency Recovery Limits Precision Limits (RSD)
Specific conductance Quarterly 75-125% 25%
Nitrate Quarterly 75-125% 25%
RSD = Relative.Standard Deviation

4.2 Groundwater Data Validation Process

I The groundwater project's data validation process provides requirements and guidance for validation
of groundwater data that are routinely collected as part of the groundwater project. Validation is a
systematic process of reviewing data against a set of criteria to determine whether the data are acceptable
for their intended use. This process applies to groundwater data that have been verified (see Section 5.1)
and loaded into HEIS. The outcome of the activities described below is an electronic data set with
suspect or erroneous data corrected or flagged. Groundwater project staff document the validation
process quarterly by signg a heldist, Twhich. Documentation is stored in the project file.

Responsibilities for data validation are divided among project staff. Each RCRA unit or geographic
region is assigned to a project scientist; who is familiar with the hydrogeologic conditions of that site.
The data validation process includes the following elements.

* Generation of data reports: Twice each month, data management staff provide tables of newly
loaded data to project scientists for evaluation (biweekly reports). Also, after laboratory results from
a reporting quarter have been loaded into HEIS, staff produce tables of water-level data and
analytical data for wells sampled within that quarter (quarterly reports). The quarterly data reports
include any data flags added during the quality control evaluation or as a result of prior data review.

* Project scientist evaluation: As soon as practical after receiving biweekly reports, project scientists
review the data to identify changes in groundwater quality or potential data errors. Evaluation
techniques include comparing key constituents to historical trends or spatial patterns. Other data
checks may include comparison of general parameters to their specific counterparts (e.g.,
conductivity to ions) and calculation of charge balances. Project scientists request data reviews if
appropriate (see Section 5.2). If necessary, the laboratory may be asked to check calculations or
reanalyze the sample, or the well may be resampled. After receiving quarterly reports, project
scientists review sampling summary tables to determine whether network wells were sampled and
analyzed as scheduled. If not, they work with other project staff to resolve the problem. Project
scientists also review quarterly reports of analytical and water-level data using the same techniques
as for biweekly reports. Unlike the biweekly reports, the quarterly reports usually include a full data
set (i.e., all the data from the wells sampled during the previous quarter have been received and
loaded into HEIS).

* Staff report results of quality control evaluations informally to project staff, DOE Pacifi: Nortest
Sit: Offico (PNS0),. and Ecology each quarter. Results for each fiscal year are described in the
annual groundwater monitoring report.
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5.0 Data Management and Reporting

This section describes how groundwater data are stored, retrieved, and interpreted.

51 Loading and Verifying Data

The contract laboratories report analytical results electronically and in hard copy. The electronic
results are loaded into HEIS. Hard copy data reports and field records are maintained as part of the
Hanford Facility operating record, unit specific file for the TSD unit.. Project staff perform an array of
computer checks on the electronic file for formatting, allowed values, data flagging (qualifiers), and
completeness. Verification of the hard copy results includes checks for (1) completeness, (2) notes on
condition of samples upon receipt by the laboratory, (3) notes on problems that arose during the analysis
of the samples, and (4) correct reporting of results. If data are incomplete or deficient, staff work with the
laboratory to get the problems corrected. Notes on condition of samples or problems during analysis may
be used to support data reviews (see Section 5.2).

Field data such as specific conductance, pH, temperature, turbidity, and depth-to-water are recorded
on field records. Data management staff enter these into HEIS manually through data-entry screens,
verify each value against the hard copy, and initial each value on the hard copy.

5.2 Data Review

The groundwater project conducts special reviews of groundwater analytical data or field
measurements when results are in question. Groundwater project staff document the process on a review
form, and results are used to flag the data appropriately in HEIS. Various staff may initiate a review
form: e.g., project scientists, data management staff, and quality control staff. The data review process
includes the following steps:

" The initiator fills out required information on the review form, such as sample number, constituent,
and reason for the request (e.g., "result is two orders of magnitude greater than historical results and
disagrees with duplicate"). The initiator recommends an action, such as a data re-check, sample
re-analysis, well re-sampling, or simply flagging the data as suspect in HEIS.

* The data review coordinator determines that the review form does not duplicate a previously
submitted review form, then assigns a unique review form number and records it on the form. A
temporary flag is assigned to the data in HEIS indicating the data are undergoing review ("F" flag).

" If laboratory action is required, the data review coordinator records the laboratory's response on the
review form. Other documentation also may be relevant, such as chain-of-custody forms, field
records, calibration logs, or chemist's sheets.

" A project scientist assigned to examine a review form determines and records the appropriate
response and action on the review form including changes to be made to the data flags in HEIS.
Actions may include updating HEIS with corrected data or result of re-analysis, flagging existing

5.1



PNNL-14354, Rev. 2
DRAFT

data (e.g., "R" for reject, "Y" for suspect, "G" for good), and/or adding comments. Data
management staff updates the temporary "F" flag to the final flag in HEIS.

" The data review coordinator signs the review form to indicate its closure.

" If a review form is filed on data that are not "owned" by the groundwater project, the data review
coordinator forwartds a copy of the partially filled review form to the appropriate contact for their
action. The review is then closed.

5.3 Interpretation

After data are validated and verified, the acceptable data are used to interpret groundwater conditions
at the site. Interpretive techniques include:

" Hydrographs - graph water levels vs. time to determine decreases, increases, seasonal, or manmade
fluctuations in groundwater levels.

o Water-table maps - use water-table elevations from multiple wells to construct contour maps to
estimate flow directions. Groundwater flow is assumed to be perpendicular to lines of equal
potential.

o Trend plots - grapp concentrations of constituents vs. time to determine increases, decreases, and
fluctuations. May'be used in tandem with hydrographs and/or water-table maps to determine if
concentrations relate to changes in water level or in groundwater flow directions.

* Plume maps - map distributions of chemical or radiological constituents in the aquifer to determine
extent of contamination. Changes in plume distribution over time aid in determining movement of
plumes and direction of flow.

* Contaminant ratios - can sometimes be used to distinguish between different sources of
contamination.

5.4 Reporting

Reporting requirements for sites undergoing groundwater corrective action state that "The owner or
operator must report in writing to the department on the effectiveness of the corrective action program...
semiannually." This can be accomplished under the groundwater project's existing quarterly reports. The
quarterly reports also inform Ecology if sampling is delayed past the end of the scheduled quarter.
Chemistry and water-level data are reviewed after each sampling event and are available in HEIS. Whei
needed, DOE will report specific incidents affecting 1324-N and 1324-NA groundwater monitoring (e.g.,
unsuitable wells, delayed sampling) as described in Sections 3.1 and 3.4.1.

5.2



PNNL-14354, Rev. 2
DRAFT

6.0 References

Atomic Energy Act (AEA). 1954. As amended,Ch 1073, 68 Stat. 919,42 USC 2011 et seq.

Bechtel Hanford, Inc. (BHI). 2002. Cleanup Verification Package/Clean Closure Report for the Soil
Column of the 116-N-3 Trench, Crib, and 100-N-63:1 Pipeline. CVP-2002-00002, Bechtel Hanford, Inc.,

Richland, Washington.

BorgheseJV, MJ Hartman, SP Luttrell, CJ Perkins, JP Zoric, and SC Tindall. 1996. 100-N Pilot Project:
Proposed Consolidated Groundwater Monitoring Program. BHI-00725, Bechtel Hanford, Inc.,
Richland, Washington.

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). 1980. Public
Law 96-150, as amended, 94 Stat. 2767, 42 USC 9601 et seq.

Gilmore TJ, FA Spane Jr., DR Newcomer, and CR Sherwood. 1992. Applications of Yhree Aquifer Test
Methods for Estimating Hydraulic Properties Within the 100-NArea. PNL-8335, Pacific Northwest
Laboratory, Richland, Washington.

Hartman MJ. 1992. Results of Ground Water Quality Assessment Monitoring at the 1301-N Liquid
Waste Disposal Facility and 1324-N/NA Facilities. WHC-SD-EN-EV-003, Rev. 1, Westinghouse
Hanford Company, Richland, Washinton.

Hartman MJ. 1995. RCRA Assessment Report: Total Organic Halogen at the 1324-N/NA Site. WHC-
SD-EN-EV-03 1, Rev. 0, Westinghouse Hanford Company, Richland, Washington.

Hartman MJ. 1996. Groundwater Monitoring Plan for the 1301-N, 1325-N, and 1324-N/NA Sites.
WHC-SD-EN-AP-038, Rev. 2, Westinghouse Hanford Company, Richland, Washington.

Hartman MJ. 2002. Groundwater Monitoring Plan for the 1301-N, 1324-N/NA, and 1325-N RCRA
Facilities. PNNL-13914, Pacific Northwest National Laboratory, Richland, Washington.

Hartman MJ and KA Lindsey. 1993. Hydrogeology of the 100-N Area, Hanford Site, Washington.
WHC-SD-EN-EV-027, Rev. 0, Westinghouse Hanford Company, Richland, Washington.

Hartman MJ, LF Morasch, and WD Webber (eds.). 2003. Hanford Site Groundwater Monitoringfor
Fiscal Year 2002. PNNL-14187, Pacific Northwest National Laboratory, Richland, Washington.

Mitchell WJ, RC Rhodes, and FF McElroy. 1985. "Determination of Measurement Data Quality and
Establishment of Achievable Goals for Environmental Measurements." Quality Assurancefor
Environmental Measurements, ASTM STP 867.

Ecology - Washington State Department of Ecology, U.S. Environmental Protection Agency, and U.S.
Department of Energy. 1998, as amended. Hanford Federal Facility Agreement and Consent Order.
Document No. 89-10, Rev. 5 (The Tri-Party Agreement), Olympia, Washington.

6.1



PNNL-14354, Rev. 2
DRAFT

ROD. 1999. Interim Remedial Action Record of Decision for the 100-NR-1 and 100-NR-2 Operable
Units ofthe Hanford 100-NArea. U.S. Department of Energy, U.S. Environmental Protection Agency,
and Washington State Department of Ecology, Olympia, Washington.

Resource Conservation and Recovery Act (RCRA). 1976. Public Law 94-580, as amended, , 42 USC
6901 et seq.

U.S. Department of Energy (DOE). 2002. 100-NR-1 Treatment, Storage, and Disposal Units Corrective
Measures Study/Closure Plan. DOE/RL-96-39, Rev. 1, U.S. Department of Energy, Richland,
Washington.

U.S. Environmental Protection Agency (EPA). as amended. Test Methodsfor Evaluating Solid Waste:
Physical/Chemical Methods. 3ra ed as revised. EPA OSWER-SW-846, U.S Environmental Protection
Agency, Washington, D.C.

U.S. Environmental Protection Agency (EPA). 1983. Methodsfor Chemical Analysis of Water and
Wastes. EPA-600/4-79-020, U.S Environmental Protection Agency, Washington, D.C.

U.S. Environmental Protection Agency (EPA). Guidancefor the Data Quality Objectives Process.
EPA/600/R-96/055 (QA/G-4), 2000 as revised. U.S. Environmental Protection Agency, Washington,
D.C.

U.S. Environmental Protection Agency (EPA). EPA Requirementsfor Quality Assurance Project Plans.
EPA/240/B-0 1/003 (QA/R-5) March 2001 as revised. U.S. Environmental Protection Agency,
Washington, D.C.

Washington Administrative Code (WAC). "Minimum Standards for Construction and Maintenance of
Wells." WAC 173-160, Washington Administrative Code, Olympia, Washington.

Washington Administrative Code (WAC). "Dangerous Waste Characteristics." WAC 173-303-090,
Washington Administrative Code, Olympia, Washington.

Washington Administrative Code (WAC). "Releases from Regulated Units." WAC 173-303-645,
Washington Administrative Code, Olympia, Washington.

Washington State Department of Ecology (Ecology). , as amended. Dangerous Waste Portion of the
Resource Conservation and Recovery Act Permit for the Treatment, Storage, and Disposal ofDangerous
Waste. Permit Number WA7890008967, effective September 28, 1994, Washington State Department of
Ecology, Olympia, Washington.

6.2



Appendix

As-Built Diagrams of Monitoring Wells

This appendix contains diagrams of wells in the 1324-N and 1324-NA RCRA groundwater
monitoring network. The diagrams summarize stratigraphy and well construction materials. The

diagrams are presented in numerical order.

Monitoring Wells for Post-Closure Monitoring at the
1324-NNA Facilities.

Well Purpose: comments
199-N-2 Far-field plume definition
199-N-3 Far-field plume definition
199-N-16 Far-field plume definition
199-N-19 Far-field plume definition
199-N-21 Far-field plume definition
199-N-26 Far-field plume definAon
199-N-34 Far-field plume definition
199-N-56 Far-field plume definition
199-N-57 Far-field nlume definition
199-N-59 Near-field plume: sometimes dry):

highest sulfate concentrations
199-N-64 Far-field plume definition
199-N-67 Far-field olume definition
199-N-71 Upgradient
199-N-72 Near-field plume
199-N-73 Near-field plume
199-N-77 Near-field plume: bottom of aouifer
(a) Well 199-N-59 was drilled when the 1324-NA pond had

artificially raised the water table. When the water table
is low. it does not contain enough water to sample.
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WELL CONSTRUJCTION AND CONPLETION SLMA3Y

Drilaling mpe
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WELL TEMPcRAY
NUMBER: 199-N-2 A4669 WELL NO: -

Han ford-
CoordInates: N/S N 36,S7. E/W. w 60,306
State NADS3 N 149,as9.43m E 571,4 T

6.21m
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Start
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No surface seal documented
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8-in D carbon steel casIng. +2.0-125-ft

6-in casing perforations,
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-

Cement plug 4 95-ft

Borehole drilled depth:

DTB=Dept to bottor.
91.3-ft, S3AnrP3

r 125.0-ft]

199-N-2
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WELL COWSTRJC7ICN ANM COMLZTIMO lVMARY
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C- : JOLDZRS and IXUS?
i-15: bOULDERS and SAND

O-O:8ULL'IS, SAND atd DJS'-
COaaL:S and SAND

2C-21: OULDERS and SAND
21-22: SOULDDRS and V L
22-63: sEL and GRAVEL
63-63: EAND
ES-74: SANS and GRkVEL
74-76: eAVD
73-33: SAND nd GrVtEL
96-104: SAND
104-IGE: SAND and GRAVEL

106-125: Not. docuoented

Resovalo 3 pne20eters and
probable setting of plug
rOt docueanted.

Drttin y: kiL/I-N-S3ASB
Date : OlO4z94

Heeec ANPORD WELtS

-ml

- I
-

II

S -FII

ElevatIon of reference rint: [45.
1, E casing'!

He;;htcof t farance sc-tnt above [ 1..-f
ground surface

D t- Of Curane see:
3 surtaoe seal docUsenred,

C 3D I

p-il noratnal hol>, 0-123-fl

B-In IL carbor steel caSi±'g, +.7--:tt-fz
-i-

9-4r casng perforations,
3-95-it. cuts netd Ounented

May rave meoert plug ---.

zore-oie ~jdri'led denth:

= ' t botto.,
91.4-ft, 28Jun9q

[ 123.o-ftl

199-N-3

A.3

I



SCilling- -LMPOPARy
Method -<ary . Mtd Ar ret s UMBR: -9- -- 1 A4695 W-LL NO:
Dridlino Additi's - anford 2-Area N 6,097 N ,6

Etlcd Used: Ar Us-: FaL, Ttor CH! dn- N/S N e5,20794 E/a- h 60,S50.06
DriIle . at - a 'A P3 N 28,441., 37
ame Li N: Not dcere Coodin s N 493,353 E 2,234,56
-ilg pan jrt

Ccmpany: C-el-on I Or:-1n' L±c t-atior Pasco, WA Card #:N%, documerted -- s
Date -. it,, E aI -

Strtea- 09SebeC c lete: 1' -oS srun f e: 45.5-ft 1sti

Deptn to water, n-it Feb9e
tur-oursi surface f.A-ft ITar9l - -- levatc n [46.-ftI tp of aasingC-

0ENPtiZtD Errllers - N+!-;ht cC referarce r-c~nt .ebcva[ 3,.2-ft I
sTRRAI4IY Log - round surface

- - -De s u:face seal[0ftnm
0-4:GRAVZL and COBBL2 S wIt> SILT Typ, of surrace teal,
4-15: GFVE ,ad COBBLES with ICel n grz to ~l0- t
15-20: GP.AVEL winO SANO, C03215, -N-in hole, 0-13-ft

end BOULDE-iS
20-40: REL and SA-D 9-in nonnal hole, 10-80-ft
40-45: GPAVEL, COBBLES and SkYD-
4$-IF: GAVEL and SAND . 9-in ID carbn steel casing, +3.2--ft-fr

9-S0: Not docreetted .-

S-it, casino perforations,

I2-2-ft, cuts not docmerted

l-9-Aprs 4by I-! e-uctana -4

Cleaned wall. .nstahlsd -
telescc-ting screen. --

6-in rom staInless telesconng screen.

1-it of -in, pipe with
floco .. to-,

- Borehc, dfilled depmh: [ a. -ft]

CTE- -th to cotto-,
78..3-ft, ILl q92

Date : 07Dec94
Reference : R~2F0RD WELLS -

199-N-16

A.4
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WLL COliTRUCT,' AD "'T'N 0t5G4R

Methnd! Rotary ThO Air rr 9$YSZR: 09A46E k LL NO:
Drili gAditv Ha'erdN-re' N ',8 . .09

ud d Us : C : nts NS N .26, .69 E/4 w 61,1.34.
Dcilllr', WA Sa S Xat A N 1497 4 .'

S Sn? - 0 Bri Wt "cUneted 'C-O-diats: N. 491,2 _ E _______
-riP.ny st-

Cospa y: '-lson lli.5 xat.o,: PasO,. WA Car'd '4Nt dc ed P s
o .-- at. ,ion

______d_._____n___ -pitt: rn30anC nd s ace 450.9- t Etiat

Deat tswatr:ct docunrerted
Vdon sta-crcG.-0t iSSeot4

G~mA~nEP 'ialr's

O-l: GRAVSL 6-in minus and Co0BL-S
with S-LT to 3-ft

10-15o GAVE 6-in minus w-th
co0ea'S, S1D and 20UL0R2s

CoS3iEs, SANpt-
20-25: GFAVZEL 6-in mins, toe

cOBBItS, SkND
25-30: GkAVEM s-tn :inOs SkNt
.0-45:tGPAJEL 4-in in S

45-62: 'AEL. 6-in ns,

5ANZ and COSL
CZ-E4: GR~VE. 6-tn riu

SAN' arid COSSLaS
64-77: GRAVZL 6-in ZuS, SA
7--75: SAND with GR L

- I

r

-I
--Ii-S

eva''o -f -eeec rpoir-. 439-
,top -o

Height of rfereone poent abcv- 3.0-ft 3

Drotro sufce ea -

Depth of .urfmcm aeal 13-ft to.,
'.ze C. sf rac s al,

e gr.. to ~10-ft

jtNot doccren-cd)
ND '0 0 0-- 0 t v- do"Cu.cntedo

9-- rOriaa, ho.., -1__-7_-_3-- .
S-in oasin.g rfatn,
12-78-ft, cots rot din t
5-in ID oarhon steel cas"r '. '-78+-t

Sorehnoe drilled deptn:

DTB=enth to bnttos,

76.6-ft, C59;.'s

- 7A.O-ft

Dtrwina By: Rtt/1-"N-1C.IS
Date : 07Dec94
Reterernce : SANZFORD WiLLS

199-N-19
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E CNS-RUCTION AN' COMPLETION

Drill~~ in an~eW:L TE ?OAR
Method: Rntary eT'hod: Air re urns Wa 1 

:: 1a5->i--t A475 WOLL NO:
_________ing__ LAdiivs a- nrc \--rea M520.3

Flud.U _ _d: Air U..d: ____, T___ _ _ d ate: A, N 5.1T5.5 /r , .

Driller's - WA StIte s ate NA"3 'I 14, 410.3m S. 57N,036.S -m
____; _s __? L4, Nn_ N-t dn'.,ented C1 4 ,245 5 2,237,42U

.riiliy sar
Ccapanyt Nes Wel Drilln Lato: 'c WA Cd iot coT Rented . T . S
Date -. at
Started: 32 6 A COp ta: 0Jan2 Gr-ua'lae 453.1-f. Bstli-ate-

OePtr to vater:gj.O-ft .Snm1-
(-ro-of-caslnol72.1-it 13sep94

0SNSEALTZED tlriler's
STRWTGkAPS Log

0-10: GRAWEL with COC2LZS and SAND
with SILT

10.-0: GRAVIL with COSaLZS and SAND
15-20: GRAVL with .o- SAND
20-G: GRAVEL 6-in with SANS
45-50: tFAVSL 3-tn with SAND, SU2?
50-5B: GRAVEL 3-In, 0025L , SAND

lora SIL
55-79. RAVES 2-in, SAf-< Silty

.REMZDIArION
23-24aAarS4 Ly N. Bultean-

Sat telescsplng seen

-

-U
-4---

-J-W

lavatin of reference point: 5450. E0-ft)
05c oC Ccsilg

egt referense point sboveL 2.7-ft I.
grnund surf ace-

tapt- r .t urrace seal [10-ft foci]
Tyeo'- strface seal,
Camnt rout tO ID-ft

DhLU , 0-10-ft
5-'nrnmnal hole, 10--T-79-t

S-inc~asng erfe:-ations,
2 -fcuts n.t d-uentec -

3-tn 00 carlo stA-"esig - 2.7-79-ft

i-in ctazn r eesoing screen,
21.0-31.5-f,#Cso

w/t-ft Blre S.icSins on top

Screhole drilled death:

DiS-teoth to hottoc,
75n-ft, 17feb93

[-5 . - t

Drawing By: RML/1-N-2.-3
Date : S.tecc .

Reterence :-ANORD aEL

199-N-26
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WMLL CoSTRUC1'IN AN, '0MPLElION SctY'-

Drllngsam'pl. . WELL T7ERR
Va''od: Cable tool Methbd: Ward to.! NUT2B-R I9- 1-34 A4553 NO:
Drilling Adativez Far.-"d 'r'r N -309. ,

dsed: Nr doente e U.ed: Noo docueed C V.d a e.: /S N 95 59 E7 S/W W 5a,451.54
Dr' let ' s AStcee Sta3 NA'SC N 1-4 9.53.4 . E )7,737. Si4n

a-e: uLtena i. N-: 0066 d es 491.04$ 53
urilflng rny. t

Com sty: Not docu ete -- L oatio:Not doCumeted Card :N. doc7erte -. S
- - - D -, - Eevatitn

Starz-d: olSenS Celete: osSesa -- -ou-d sVfa'e (ft; 459.6 '

Dchtonwater:-Ss9-tt S=ce
CGrournd suzfae7l,3-tt I2S6eo4

GENSSSLTO Drtl 1e-r's .
SiSATIGPSA?1X Log

0-SC: C0GLES and CULD RS
50--79: C033IS. 9AD and SILTI

Ffl- levation of re9erenoc I

- .r7ji d surface
IDerth of sursae seal

1 Crermt grut t0 -05-ft

3-in nialtols, -15-
Ira

[ j-i lDarco telc
Wladbc fr0 total

*t iTelesooning screen, 34-

1- Srehole drille4 deoth:

posn:: {459.63-3t3

not bove [ 2 0-St

[0--IS-ft]

'5-ft

alti 2.-3, f

7'-t

Drawing Sy: RKL/I-N-34 .RS
Date : I4DeoS4

Refetre HANEOKO awLL

199-N-34
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KELL CON 'UR-JCON AND C'-M LITIOV SnARY

Matnad: Cable too - Mecth:rg - N'o R\9:9;; A46S9 WAL SO: .0-Il
Di . di-ord-N-Area N 6,995 6,206

Flud U"si: Water .. d ocumn-tec Ctr Nn: S N 96,0 '1. K 6C,637
Dri l'-s a-c Sate Stato I-83 N 149,7O3.49n 7 .S7i
Namfl: C. h.a-nc - Li' N li i 'd--:u ete Carrines: 3 49.,212 , 447

- Ccpany:AssoCLateSd Vl Dril. L,=c3 ti:Nzt d" 'a-' Caid *:NCt dac'mentc'i T R s

:un57 CJ. '-tezr 5 - - ru sc.:r ace: 454.3-ft it d

- t t tr: 61.0-ft Ju

4Cround surfac ' l 4-f: 3Se

GENE7ALIIE Geo is: '

0-45: Sandy G VL
45-3.0: Silty' Sany GXiTL,

3. 'v-od Corvact S 4 -ft
60-70: Mcdiu LI.AND .f
70-74: G0avsc &.ND -

-2 -

94 4'

- 2
p.

Elvtoni c reference paints {I .IJ-

Ceg~to re, ,rene flnS 0V"' £.9-I's I

Doptr. of asaca 5". a t-4 .5-ft]
Typ-e a" s'ara'c seal,
4-'t by 4--t concrete -zfae pad

Granular etor.te, 4.5-47 .5-ft

Scrnt:oita Ddllts47.5-5s.5-ft -

lO-SO-ireilh ritoa sand, 53.5-74.D-ft

6--n304 stairiass oteaiocsat
59.0-74.0-ft, 620-slot

Soceh'ae dtillei dp1 y :__74._0-f

Drawing By: RiL/I-SS.AS$
Dst9 : 19Dec94

RNSrne IEFr"0- W5.h12

199-N-56

A.9



-ILL CONS'.RU-OTON At CONPoLZION SulVARY

MNth : Canb' to.' - Mmhnod: ia'rJ t I
Drili -t Add ve
Fl sd atar . dcu,.ented
Drl s Stt .

d-L Nr:. Ncr : doct Cte3

Ccearyrssciar- NMI Dri' LcaticnNot do'ietd

__a_________n_ C-mplete __________

Zeath t- water- 6.- Jun,7

G3 u 6c.-:t 3

ZSRAA?W' Log

Ringld ontat @57-ft
6'-76: Grave'Jy &i''v END

H I

mi _

ij!u-41

WEL' T -! Kl Y
NUM'-R: 199-N-57 A4 ' L GO 13*0-N 96
Iiar'ordM--ra ,6 , 7

Coodnt :N/ __ _, _ _ a' E/w w 60,5:7
Stae v ACEB N Y4;42.09, E 57 ,423.X

Co n N 40,'6 E 2,234.5? -

La_ R S __-

£ievator of r-e5renC- pOin [457.7C-ft

NFight 'f o-" t noI 0s, _ -__.

ground sut 'c
tenoh of suLfaesaI [ __-5._-__]

4-ft by 4-ft co'nret .urace pd
td . -t 4to arnnU.

li-ir nornal "CI', 0-75. -st

6-in ID adinless stael a' ,

+e2. 5-S.-ft -

Granular b-enttet 5O04Y.0t

ertonito pellets, 47.0-52.c-tt

10-20-mesh sila sand, 52.0-76.0-ft

6-tn T734 stainles steel screen,
55.0-73.0-ft, 520-slot-

Srehoie -driledl depth: I "7.-ft I

Drae B:- IK/--5.S
LDr'.lr d: 1KL/l-N
Reference : HANFORD eL

199-N-57

A.10



WELL C0NSTR-JTog AD Cct-'?Lz7:ION SLCDAY

od: Cable tool -tet d: Dar NLer R: 19-N-9 A L NO

Dr Ain -Md .e.anod r a N .5, 116 - 55
Flu"d Used: Water- Usen: \et d r ed .czrd nat's: N/s N 61,029 E/w a 84,252

'S - VA rt. e - e NA 3 N 149,I50.451, E 5 .Sr

aO 0. ADS Fic -dna : .9,397 E 2,-34,093

Comrf _ R -

Coma-y: Kaiser Encineers Locain Ri-1ar, _____ ard :Not nycsented 7 R

- a - .. Date -- E e.a i n-

____r__d:_2______ ctplete: 19<37 - Go.n.surfa:43t.5-tt Bra- c'-

-Decth to ,,eter: OI.4-tst SerSI
(Grotrd surtacci2l. a-tt 12...4

GTRATIGSA'W< I-og

0-20: Sity saady G.W .

byaaed yackhoe) =
20-3: S=odv G AVE-.
63-65: Rinqold 8m cOna-
65-2C: S-Ity ay GAL

70-72.5: Silty tAND

-H

- 3

taun . urfa cc

Depth cf surface teal [-t--t]
yp surface steal,

4-±t by 4-ft concrete oUrface Ptd
13-5nd3 r 3-ft Into

3- a oinal hole., 020of

Gra ular benonite, 3.0-50.0- C

!l-in nritnal hale, 20.5-72.5-ft

6-in TO stainless steel csino,

Bentonte pellets, 50.0-56.5-ft

au-ta-:.esb silica sard, 56.5-72.5-ft -

6-in T304 stainless steel screen,
54.S-'t.S-fr. 520-slot

Sorahale drilled deoth: 72.5-ft I

DOwinc By: RL-N-S A
Date : 5Doec94
Reference -: ANFORD WLa

199-N-59

A.11



tz9-N-661

S'IZSN C303SR-: GC-a
______________ I oe

;s-'-N-T/21.:A; StTtUJ3

20-3<9 1 :Iwtd'P peTmLIp a3oIe~c=

'U~0tTa~ S*!To2S FS. 's-- -9

4 -369-O'6F '91135 TDECR~OZ-OT

;;-c-s-F', '536116d AtTsOTO

'Eu'-- '~ 11T~S-0 -9

4-CE--;'TMU~uu-i

npt. )3;0fn1 3420100U- CM>

- '03 .ns>ac ;; d1

iu- -;;* ];~c u11 $3.p0 ;O uc29A;

r-

1--- ---

-LW

9'.' 4T-7*es -I5''-fl :.569 -9

p -N 940 :0t :u a6o-

F25- . .. - I:zN s2btTla T9 LS 3 I 'ES6I ECYl SMad _ B3ESSzYr 9. AT.T0

OTOV'9 N - ;i.9 N eS/N -* ;e o.ca g. .Zs3r..r :py - 9fTUJ

'0 Tl.M S t -9-r-6wT - Ma :po * 002 Tarz :pc-

Am~tdS =<31= TjpN C-ri . o -'"r

p



WELL CONSIRJCTI0I AND CCkfPLETI0N S -:IS4A

Vethod: Cable tool -d ad t51

FlJidse : Water C'e:. Nt d=-ented
DrLeIs WA esate

Na=-: 0. MA-. Lic .1-: 2.224 *

co~aany:Kaier Ecaners ocaton:Ricniand, WA
D r: I -t -- a'j
Ste t-A: lEFebiL C: oplete 3'--a-n ~

tethto water: 65.0-ft - b3Ec
(Grocnd surtta.-,2.a-i 30

GEN;FItzED Gcelgits

ST:id-kPMY Log

7-14: Sandy GRAVEL

14-19: Silty rand; CRAVEL
1S-24: Gravelly sly AND
24-39 Silty sandy r AVEL
39-43: slightly Sily gfdv-'ly AND
43-a4; Siity sandy G5AVEL

Ringold contaat at 43-Ct
54-59: Slightly silty gravelly 3? 2
59-74: Silty andy GRAVCL

74-79: Sandy GRAVEL -

DiCIINGCND7E: -

Well drilled tn radiation
OontatttnstOn encountaered
while drilling. ield reainqs
ef 3-11,000 dpn 40-7'-ft

WE LL T EM iSY
1s:9-N- A4711 WELL NO:

Hanford N-Area N 7,43E 6
dsn-d natas: 9(s- N 38,377 E/W N 8344

Sta-e NAZ83 N 149,794.9Ti E t-1,494.
Cc-a i a a:1N 431.514 E 2.23.85

Card 'Nr A de- entei T- R- S_
revat' Cnr

GOucdcur -ace- 43.83-Ct 3:as car

1 Elevation of reference point: [ 431.46 1

r- egb.L af rese-e paint abovef 1.7-Ft
ground surface

.teth of surface seal - 0-20-ft I
ype -- ' s-iaCe sea!,

4-!t by 4-ft comcrete surface pad
Ce:eI t Cnr rout tL- 20-ft

13-n nina hoer0--15-t-

;-;
- L- dcciil hate, - l9-73-.r

-Granular Sentenita, 2t.t--49.$-ft

-In ID stainless steel casing.

ROnonite pellets, 49.5-54.5-Ct

I 
2 0

-ah silica r.
4
d 84 4-79 C-f

-;-in ID 304 stainless steel screen
S60.5-74.0-fL, 92-s1lot

Depth bottas cC barehale: ( 9.0-

Drawing ty; RKL/1-N- -. AS-
Date : 21Dec94
Roterenne : IANECRD WELLS

199-N-57

A. 13
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0500264
WELL CONSTRUCTION AND COMPLETION SUMMARY

ringSmple WELL TEMnoRARY

Method: Cabe Tmci -lr Cratbisp1 mPoon NUMBSR. INS-N-71 A47iS WELL NO None
dingdlve

FlMd UsO& NA Used: None Coodrte: N NOdocumrded

0'itkes WA Ssi* CoodhamgerE PNotemvniod
N : J00krt -NotAvailableCm

Cvrppanr MER Const. Forces Loev;on: Hanford Cad 9 Not AvNab

Dtgm Ddlote - EnenVti
Stance 07Auggl Cofmplmted: 29=ct91 -ownS Sudface:

Depth to Water . 581 ft 260ct31
(Ground e2wcb)

GENERALIZED Goaloglars Log
STRATIGRAPHY

a - 5 A: Sghatly Gravelly act

5 IC ft: Sidy Sandy Gravel

26' - ft4: Gravel

as - 137.cS t: Sady ral

m.

4- . -

-A
--

- a
-.l

'I [

Eievabon of-R erncs Point m

Height of Reference Point Above
Ground Surface:
Depeh of Surface Sea: lit
Type of Surface Seal: i4C Conrte Pad

Fig Casing Scrgen
0- 12 61 ft.:

13 inch
0 -12.61 ft: 12-34 CS Te p.
13.adh hole Welded Csg.

Cmer 0-63.fl:
4 inch

12.6, - 18 ft: 1t6 6
11-inch hole 12.61 - 8'?5 ft-

Cement 11 inch
q4-3"C CS Temp.

Welded Csg.

13 - 55.8 It:
Il-ind hole

Bentoot
Crumbles

Il.inch hole
Betntml Pellets

59.7-84.85:
11-inch hole

10-20 Slica Sand

63.8 - 4.6 it:
4 imch

4 .020 SS Wire
wrap Pipe Size

64.8- 8,CI: | 64.5 -84.5 ft:
I inch hle 4 iich

10-70 Sil-a Sand

87.05 ft: BCrehale driled depth

.0-12.61 ft:13-in. 12-3/4 Temp.
Welded Osg. wf13" shoe

el e - d7.05: 11-in 10-3/4 -emp.
Welded Csg. wlW shoe

Drawing By: DLF
Reference: Hanford WeUs
Revision; a
ReviSiOn Date: 13:)ec7
Print Date: 18Dec97

199-N-71

A.14
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Q$03091
WELL CONSTRUCTION AND COMPLETION SUMMARY

Drirne Saw*le 'ELL TEMPORARY
Mndmd CabINTool ethod,. Grawsplii8pote NULME'- 1S-N-72 A4T1S WELL NO; Non-

pra01n Addtivea
Flid Used: NA Used: Nonre Coor:Ejastr N Not dodtaenntad

Oc~llarsWA Sltt
Nar n - k e.d - Lic r Not-AvaIlabfta Cvord~npve- E Plot d&=Migetad

oDiarg . Ccrrpany -&aR

Company KE HCorr- Forces Lo:a&tr: Hafod Card k NI Avaitenle

DMA Catce Elanadon -

SIterS 20Aug1 " Onpieled: 30ctS1 Cerund Surdfo:

Deptb to Water 65.1 ft 250ctu1
(GunJ aeftno)

GENERALIZED Glograf' LegSTRATIGRAPHY

a - 35ft Sandy Gravel

3 - S:no

053- It: Sandy Gravel

65 - BD ft. Grave

So - aS 0, ft: Sandy Gravel

'

- I

-I
I--

Z5.01 ft Eorehole drilled depth

0 - 10.09 ft: 13-in. 12-3/4 CS Temp.
. Casing

0.lS - 85.01 ft: 11-in. 10-3/4 CS
Temp. Casing

Elevation ef Reference Point M

Hleght of Referenoc Point Above
Ground Surface:
Depth of Surface Seal: 20.ft

Type of Surface Seal- 4x4 Concret Pad

iP Casing Screen

o - 10-f9 ft:

0 10,0 ft., 13 inch
1- ho 12-34' CS Temp4

- Casing
0-ed a 61.22 t:

4 inch
14' Perm. Casing10.09 -20..5ft : 10.aL -s 601 ft :11-inch hole 'i 711 ic 1h

Cement 1a-314" CS Temp.
Casing

20.5 -55 ft:
11-inch hole
Bentonite
COmbls

55.5 -59.3 ft:
1 1-incA hole

Bentonile Pelts I

5.3 - 82.25 ft:
11-inch hAe

10-20 silca Sand

82.25 . 83 ft ,
11-inch hole

10-20 Silica Sand
83 - 85.01 ft :
11-inch ho

SToagh

61.22 - 32 ft:
4 inch

4' .020 SS Wire
Wrap Pipe Sze

82 - 82.25 It:
.4 inch
End Cap

Drawing By: DF
Referenoc: Hanford Wells
Revisio: 0
Revisiaon Date: 27Jan28
Print Date: 27Jan95
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0500305
WELL CONSTRUCTION AND COMPLETION SUMMARY

Sample WELL TMPOPRARY
Mated- Cabis Tool Metet- Grrnspilt*3Sood NUMBIEt 1SSN-"73 A4718 WELL NO: No"r
1)-llrweg Addives
Fled Ued_ NA u.ed: Ne. Do.rnatts- 1g. Not dovuwntwd
Drs WA Sluft
am: D.Kruger lr NotAnieble. Co !inatesE Modocumented

flgtz r - Company Srant
Conpsny KEHConstr.Force Lcalion: Haioro Ced: NotAvailable
Date - Date E'yatiOn
Sarm ZCArgall completd: 1Saps1 Ground Surface:

Depth to Water 68.3 f 14Sep51
(GrOend ursce 49.3ft 300ct91

GENERALIZED Gologia Lg
STRA TIGRAPHY.

Q - 66 rt -Cavdl

I

ss - as.1 It; Sry Qravel

m
* - r

39 1 f: orehitle drilled depth

Q q$ t.13-in, 12414" CarterSte
Temp Cosin;

-5Z.1 ft;1-i. 10-2 Carbon
Steel Tamp. Casing

Elevanio of Reference Point: r

Height of Reference PoTnt Above
Ground Surface:
Depth of Surface Seal: 19.7 ft
Type of Surface Seat 4x4 Concrete Pad

Fill Casing Screen
0-19.92 ft:

13 incil
12-34" CS Temp.

Welded Gsg.0-19.7ft: 0-5.6 ft:
11-inch hole - ihn.

Cement 4- Casing

19.7 - 19 92 It: -
13-inch hole 19-92 -

Bentonie 11 inch
Crumbtles 10-34"CSTemp.

Welded tsg.

19.92 - 55.5 It:
I11-inch hote

Bentontte
Crumbles

55.5 - 60.6 ft :
Il-inch hole

3/8" Bentrnle
Pellets

606 - 6.4 i:
I I-Inch hole

10-20 Silica Sand

56.4 -89.3 f: 8.1-A6.41t:
11-inch hole 4 inch -

10-20 Silica Send

65. - t If:
4 mclh

4 .020 SS Wire
Wrap Pipe Size

Drawving Sy: DLF
a Reforance: Hanford Wells

Ravislon: 0-
Revision Date: 19Dc97 I
Print Data: 19Dec97
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090149
WELL CONSTRUCTION AND COMPLETION SUMMARY

SOrVnI samplaWELL TEMPORARY
Meted: Air Rotary ueet& - GrablSpwt Spo NUMER: 9O--77 A442 WELL NO: None

riert9  - Additives
ad l.aad: HA Usd- Nan. Cordon1- N Net doonenttd
oiraf WA Slate
Name: 0. Mingo Lit Nr - NatAvallabis CrsE Met docemantad

DwAng Campar - Start
COnary: JqnsenfDraling - Lwatcrr RiuhreWA Cart tecAyaiable
Date . Data - Oevaon
Sarto& 30Jula2 - CreNd 1d0od2 Ground 14s0=2e:

Depth to Water 89.46 Ill 24epM3
(Gcound nadeee)

GENERALIZED Cologis Log
STRATIGRAPHY GooitsLg

5 . 13 IL Sandy Grawl4

tn-tic it: Grav

20.25 ft: Sandy Gr-vw

29 - 3 It : sandy Gravel

18 - -42 ft: Gusse

42 -45 ft : Sandy Gravel
As a ft, av.

-45- 49 : Sand
4D- 52 It: SandyGra2d
52-55t.Sacde
s - ft:crve
as- 57:5and

7 - 58 aIt Grave

65 - S7 t: Sandy Gravel

97- It It: SiL and Clay
ioD- 1*2 t: Sily Sand
102 - 103 1, : Silty Clay

.7.

L

1:11

103 ft : Eorelnole drilled depth

0 .9,2 ft 13-in, 12-WVI Carbon Steal
Temp. Casing

9.2-103 t: 11-la 1"- Cron Steel
Temp. Casing

Elevation of Reference Point M

Height of Reference Point Aboae
Grourd Surface:
Depi of Surface Seal: &D It
Type of Surface Seal: 4x4 ConcrsaPad

0
13-li

C
8-

124
5e
Cr

9.2
1I-!

FS - Casing
0-9.2 it:

- 5 t: 1inch
ch hole .12,V4- CS Temp.

ement iWelded Cg.
S2Ift: ' -14.36ft:
nch hole 4 inch
nIlnifde 4 Perm. Casg

umbes 92 -103 ft:
11 inch

10-W47 CS Temp.
Welded Cag.

-64.7 It
nch hole

Bentorile
Crumbles

647 - 79.4 It,
11-inch hole

E aitonite Tablets

79.4 - 94.5 1'.
i-Inch hole .

20-40 Slica Sand
9.6 -4.9 ft :.
Il-inch hole

2D-40 Silica ed 4 inch
94.9 - M1 ft; 4 PVC Cap
11-Inch hole

Bentanite Tablea
SGa -103t:
11-nch hole

Slough

84.36 - 94.3 t:
4 ich

4'.O10SSWIre
Wri-p Pipe size

DtaMwng By; DLF
Reference: Hanford Welts
Revision: 0
Ravison Date: I 1Dec57
Print Date: 19Dec37
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